» J

o ' YOCUNENT RBSORE = ' . |
S SN e . . . . ) M
. ED 186 028 . 5 . \ . 1% 008 390
. AUTHORs - Nix, c. Jerome: and Others . ‘ | .
 TITLE LowygCost Terminal Alternative for Learning Center\
o o uah;thS. Pinal Report. *
INSTITUTION Mchonnell Douglns asttonautics Co. - East, st. Louis,
S Mo,

SPONS AGENCY Air PForce Buman Reson*ces Labu, Brocks AFB, Texas.

EBPORT NO "APBRL-TR-79-77

PUB DATE . Feb 80 L | -

CONTERACT ' F33615-78-C-0037 \ “ ‘ o -

NOTE 23p. \ '

AVAILABLE FROM . National TecChnical. Information Service, Springf¥eld, .

. - \2 ¥ 22151 ‘

EDRS@PBICB HF01/PC01 Plus Postage. ’(h \ e
. DESCRIPTORS Computer Assisted Instruction:. *Computers: *Cost )
: 2 Effectiveness: *Input Output Devices; *Military -

. : . Training:’ Systems Analys*s' *Technical Educatlon\
"IDENTIFIERS Computer Software . .

ABSTRACT S ' \ .

~high' perfornance ‘and relatively exgensive computer terminal
. less expensive ones adequate fcr supporting specific tasks of

. Thls study esiahlished the feasibility of replaclng
with

- kdvan¢ed Instructional System (AIS) at Lowry AFB, Cclcrado. Surveys

~ in an operational

- of usérx require

% Beproductions suﬁplied

L from the origi:
- **#*****#ﬁ #********** *************#

nts and avallable devices were’ conducted” and the
results used a system analysis. The results cf the analysis formeﬁ
the bagis for determining the detailed hardvare requirements apd :
subsequent hardware selection, procurement, and installaticn.® .
Additionally, the software modifications necessary to accomnpodate the
nev hardvare vere made and the_resultant total systen was GValuated.
training quironnent. {Author)

» ) . .

:k . ¥

- N
» !
?

*******#** 1***************#*#/******** #**#**Qi*#i** *******##*****’R* **** Ak i

by EDRS are the best- that‘can be made . *
lal document., RS B
HRRRR AR AR N AR RNk gk Kk

~ ? Lo

oa




L US DEPARBMENTOF HEJLTH
T . . BEDUCATION & WELFERE
\ . - NATIONAL INSTITUTE OF “
. + EDULATION . ) -
» R N L ] N . i \ \ .
Trey DOUUME N1 way BEEN REPRO-
DUCED EXALTLY A% RECEIVED FROMD .
TE PERAON O DRGANIEATION ORIGIN-
COATING : T PCONTS OF viEW OR OPINIONS
JLATED ::«, NOU NECESSARILY REPRE-
SENTUNFR Ut NATIONAL INSTIYUTE OF - F o j
l'D\-:»\hQN POYTON OR POLICY *

* * . ‘ .

LOW-COST TERMINAL ALTERNATIVE
. FOR LEARNING CENTER MANAGERS Y

. RS \ .
R R . ‘s .
N

C. Jerome Nix P - .
Thompson T. \

Stephen &
Harold ontgomery

v _Ddwd P, Showers
. _ * " Thomas G. Kiem :
‘MeDon Duuqhs Astronautics Company—St Louis, -
. \ P.O.Box 616
e St. Louis, Missouri 63166

.

ED186024

. ~ Alan P. Marshall \

TECHNICAL TRAINING DIVISION
Lowry Air Force Base, Colorado 80230

. ‘ \’ N A
\\ - “ N S B

February 1980 R

\'Fim! Report

o 1‘ “ \ M . . ’\ X ‘\
V4 - R ~ Approved for public release s distribution unlimited,

®

-

s

|Ergoopsjo .
é

© . AIR FORCE SYSTEMS COMMAND
T ~ BROOKS AIRFORCE BASE,TEXAS 78235

Y ' :
R . . N : e




¢
L4

. \ - | | NOTICE S 1 v

N . S . v N h o .

3 ~ When US. Government drawings . specifications..or other data are used . ‘ S 7
A for any. pyrpose other thany a  definitely. relategt Government

procurement operation, the Gowernment thereby  incors no .

o responsibility nor any obligation whamoevc. and the fact that the

E Government may have formulated, fumished, or in any way supplied

. \ «* the said drawmgs, specifications, or other Jata is not 1o be regarded by /f

lmpluatmn or otherwise. as in any manper licensife the holder or any g

nlht'r p\‘mm er corpuration, or conveyiag any rights or pernussion to

manutacture. use.or sell sry patented invention that may in uny way

ht:'tddtt‘d theret, . o . S
. . N Ny . o I . .s . &

This final report was xuhmmt‘d by MeDonnell !)nu;\l.xs A\trmmmm
- Company  $t. Louis. P.O. Box 516 St. Liuis, Missouri 63166 undcr ;
v . ¥ contrael FIR6ISTR.C0037, project 1121 with Technical Training
s ~ Dwiston, Air Force Human Resources Laboratory (AFSCY. Lowey Air -
Force Base. Colorgdo 80230, Mr. Alan Marshall (TTQ) was the
Contraet Vlummr for the Laboratory, . ) '.f" \
Thl\ repart has heen reviewed by the Ofticeawl Puhh\ »\Nam{i’!\) and
15 releasable to the National Technical Information Service, (NTIS). AL
NTIS. it will be .waltab!e o the general public. mclmhng_ tmmg.ni\
: . - natiens, . -

.
P * . .

3

. : . . . > R s g S \
w © This technical report as hcm revwwwd :md is ;lpp{ﬁ?n‘d for puhhcan‘my "
s :

. MARTY R,ROCKWAY, Technical Difector »
Techmenl fmmng Division = T

*

Rﬂ\t’sll) W. TE RRY (nlu\hd USAF ]
& nmmamk T )

A ¥ ! : . *

o‘ .

s . s . N . . “ .
v vy e ' . . . : N 4



. . - N o . - o * - . . AR .
Tu o Unclnsified . / % : " o . (\ .

. —— e o S A n S ———— . + -
“ SECSRIT Y o AySe B‘;éj‘j‘n;;u GF Ty BASE tHhen Mate Erokreg: T s ) > N
L ‘ ; ~ ; ; _ READ INSTRUCTIONS
: . REPORT DOCUMENTATION PA& \ L o HEFORE COMPLETING FORM .
. PR kY g e T GOVY ALCESSION NOJ ) RECIPIENT'S CATALOD NUMBER -~
. Sgry s e » : o )
APHRLCTR T . P . .
A N —— M«_\.\.\_-..j-\ ———— “ - . S 3 - e + il
. & Tt v and feides . M . 1% TYPE OF REPORT A P‘ENOQ COVERED™
o ] LOWCOST TEEHNICAT ALTERNATIVE FOR L1 ARNING ‘" \
- CENTERMAYAGLRS Fmal ’ R A
~ - . ' . | & PERFORMING ORG. REPORY NUMBER “
s o iy L v et ot s o e = _‘ o a st am om . "
“ b A, Tl . R ) R . 8 CQNT‘RlQ’I QR GRANT NU“BE“i:);é
C Jerome Nin Hypold L Montgomeny - Alan P Marshall I
- hompsoen Tae Pavid PoShowery 0 F33615.78C0037
N Stephen €. Dutks Thomas G Kkem ¥ o
. ki ¥
[ FVRF RN NG AN SAT. T N AME AND ADDORESY 10 PROGRAM ELEMENT FROIF-T TASK
: ; D - AREA 8 WORR UNIT NUMBERS . .
A MaDomnel Bouglas Astronaunes ¢ wmpany - St Lows \ . \ \ .
PO Box Sia . - S « Ab2205F : :
S Tous, Missun 63 oo \ \ \ F121002
: T TR LN ST T v ave s aneRr o \ © [z mrepamrt oate . .
HQ An Force Human Reseurces Laboratey (AFSC) ) | February 1980
1 Brooks Ai Foree Base. Toevas TR238 - C 13 WOUBER OF PALES 7
8 | \ . 24
EOERC A I ST NAMETE ADLRESOT Jiinrant Trom ¢ :'su!n!"iy}()”wn; ) SECURITY CLASS rof thre reprort:
- Techmical Framg Division e . Unclassified
* | AR boree Binan Resouroes Laborgtory o \ : :
Lowry A bore Base, Colteado 80230 \ i : \ TSa DECLASTIFICATION BOWNGRASING
. \ : w. \ scuzouuf .
WODOTYRIR Ty ATATEMEN T ot they Repore: 1
. » . o . of N
- N T R ) . \ . N - ~
- Approvld Tor public release distnbution wilinad - ) .
| B . o .o . ]
R P m L s v o e m—— e eoramn - W .
- YYOMNTRIHG Y N sTaY EMENY *ai !hq-*al\urm'! enfered an Black 20, i differant trom Ru\ml; X
: o e ~
ry
L 4 - .
*
1 e N N 2 © —
T SuPPLIMENTARY O YEY ) : \ v
N ) N ’ -
» . N . . .
Cg \ . .
S - « - .
”:\; \ N i LA . : . . T
- : \\\“\-:x:‘:-i&\::i!5u‘rn;:‘*:"'€“"!- Aide ‘}-!:;r'! smv:r;;}dhmﬂv by Mock pumhar: - .
- Computer-Assisted Instruction (CAl) - Cumputer-Based Training (CBT) . . - -
Computer-Managed nstructwon (MY - Computer-Based Wstruction (CBY) . ~ ~ B
Techmgal Tramng tTT) \ \ . : . .
Advanced Instruchonal Sysiem (A1S) ) i . i . . - e
& et . .~ N - ~ . R . .
©tramng devices \ ' Sy - : ~
3 . . Fa PR X —
SE AW TRALY L ontinge o te o erae aide i necesran and identity hv Block number .
This sty established the Teashility of rephivimg high performance and relatively expensive terminals with less
- expensive ones adequate for supporting speaiflic tasks of Advanced Instrugtionat System (AIS) at. Lowry AFB, |
- Colergeo. Surveys ol user requirements and available devices were conducted and the rewults used in g system \
analyus. The results of the analysis formed the bagis for determining the detailgd hardware requirements and :
subsequent handware selection, procurement and installation. Additionally . the sofltware madifications necessary to
accommuodate the new hardware were made and the resultant tolal system was evaluated in an operational training
envitomment \ I
, N - . ) - )

L4

' - DD IR, 1473 | \ " ' — lnclassified . . |
: . ] \ . ) ‘ B SECYRIT Y\CL\&‘S;_S!V‘CQ"!ON OF T:*WP'«GG ;“:’hvr\! Dats Enteredy - . .

S . ~ » N . . . . N




-

PROBLEM

util

~ Atlded “Instruction (

The prototype
izes a plasma

sumaaRY N
L ;. 'f“ .
5 \ T
Advanced Instructional System (AIS) -at Lowry AFB
panel terminal for all interactive applications tn
computer-based\trafgin + These applications range .from Computer-

Al), utilizing the graphic capabilfties of the .~

terminal, to simple Input-Qutput operations; such as operational data
base changes andfdata\extrqgtions which are part, of Computer-Managed
Instruction (CMI). Examination suggested that the rather ektensive
~capabilities of these terminals wer®e not being fully exploited on
many applications. In additfon, recent years have seen a steady
.decrease in terminal costs such ‘that a less-expensive terminal could
be feasible for the more bastc appligations.. A study'was thereforse
devised to -determine the feasibility of operating standard, ‘inexpen-
stve terminals in parallel with existing terminals and eventually ,
replacing these comparatively expensive terminals with inexpensive
_ones as a?dftional needs developed, - IO

APPROACH

' havi
- for

feasibilg;

ng the most o

The weapan»Mgchadﬁcs (WM) Course was the AIS area of 1n;truction~

perational tetminals and was chosen as the test bed

introductipn of low cost terminals. The associated project was -
" sorganized in three phases., Phase I objectives were to establish

» identify terminal requirements, and «etermine necessary -

- Communication needs. Phase Il yncluded system design, software/
hardiare changes, and procurement of equipment. Phase III was for

integrating the system, install¥ng the hardware, and evaluating the .

‘final product.

- RESU

LTS

&
s

™

\Lok-cost:terminais’at approximately $1200]gach\waré idéntified
and purchased. These low1cnst terminals were installed and the

required software changes

made. Operation of the low-cost terminals’ -

" has proved their cost effectiveness for use in a computer-based .
 System such as the AIS. As the system is axpanded, the apparatus now
exists to expand with whatever terminal, or mix of terminals, ‘most
. effectively meets the needs and budget, . . .. ». . .

~ The use of a stapdard terminal in-parallel with the ronstandard
one originally specifjed for the AIS has proved to be both gost -

effective and desirable. The diverse needs of the various applications

in a complete CUI/CAl system cpn best be satisfied by a “mix" of

~ terminal types, and such a "mix" should be considered in any~fu§ur@
~expansions of the AIS, . . = A
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" 1.0 INTRODUCTION

- -

- ~The Advanced Instructional System (AIS) plasma-panel terminal at
. Lowry AFB, while being a very effective instructional tool, remains a
relatively expensive device, Many instructional system applications

do not require graphics or special keyboards. Thus, lower cost '
S~ terminals could be used, ‘It was determined, therefore, that a more
\ ©cost~effective dpvice should be sought. A review of industry commu-
‘nications Standards and an evaluation of features available on
state-of-the-art terminals was required to recommend replacement
equipment. Thi #ndustry Yeview could thén be correlated with
classroom functlonal reguirements and program frequency of use*so
that a sgt of characteristics could be fdentified ai requirements for
the target terminals. Also, the feasibtlity of using such terminals
in parallel with the current device and possibly with a mix of.-

~ terminals was to be détermined. Certain software programs. would have.

. to be.changed and hardware modifications made. After these. changes/
. modifications were complete, the equipment could be installed in the
~ classrodk and evaluated. | \ |
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‘terminals and modems were procured,

<

2.0 STUDY PLAN

The study pianxdjviaed the pﬁoject into three phases.. These .
included a trade study and hardware selaction perfod, a specification «

. &nd preliminary development period, and a final checkout and evaluation

ar Bdfo s ¢
peri ' .

The initial time frame, Phase I, included four independent

surveys. A user-needs trade study considered programs, special keys,

and displays required by learning center managers. A communications
trade study examined hardware suitable for connecting.to the host -
Cyber 7316 computer and the availability of modems and multiplexers,
Another trade study surveyed the avaflable low-cost alphanumeric
terminals and considered pertinent characteristics. A software

-analysis considered the impact on thé existing AIS operating system
and appltication programs. At the end of the initial phase, terminals,

communications front-end hardwaré, and modems were selected for 'pro- *
curement. Also, software which would have to be modified or augmented

. was identified.

*"During Phase II of the\pﬁsﬂhct. periinent characteris&JcSnbf.the\
selected network processing system, modems, and,t&rminals:ﬁere‘cate-f’
gorized. Then, keyboaggfgappings;were designed, operating system

configuration requirements were considered, and language and applf-

cation program changes were detailed, Coding and preliminary checkout
of application programs began during this‘t?me period, and the new
. ' | \¢
phase. As.the initial actions in this phase, software and hardware .
changes were completed. A subsequent checkout ‘of the desfgn and
final installation of the terminals in the classrooms were then
completed. Validation of the entire system by test and evaluation of
terminals by users in the classrooms completed the final phase. °

- The final phase of the project was the installation and validation

’
Y

g
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.. 3.0 PHASE I, SURVEY: AND TRADE STURIES

| The four Phase 1 trade studies began simul ta\na;ously. The stuﬁhs
were made with. the goal of using standard communications systems and -

*. - protocol whenever possible: The aim was to Find a terminal which

- coyld hapdle full duplex (two-way simultaneous) transmi ssion of data;
the Americdn Standard Cod xfor Information Interchange (ASCII) 96-

- Character set cons{sting:.of numeric, punctuatfon, and uppercase and

 lowercase alphabetic chamicters; and a rate of 120 or more characters
;{:r sacond on a screen of ;about 25 lipes with 64 to 80 characters per
{ ‘“a‘\ . R S Y AN ' R . N

The four trade studies had the ?oﬁ‘bying tlaﬁividuai objectives: / .
1, Determine _user needs by considering the frequency of program

. exacution and the terminal functions used most by these pro-

.

/ "2, Idinfffy a low-cost alphanumer{ic terminal which possesses,

the required attributes and which 1s reasonably priced.

.

3. ldentify cov\‘mﬁn‘léatian processing Equipment which can be  »

. ~ .connected to the AIS Cyber computer to operats four terminals,

.-and. determine tha types of modems which would be most cost

- effective for transmitting data within the Lowry AFB Lo
enviropment, e s T o

.+ /8. Ascertain the required software modifications. (-
3.1 USER NEEDS SURVEY |
" The first of the User Naed\s{ Snryey exercises was an examinatjon

of the tasks perfoermed by AIS instryctors, learning center managers,
and students. Once the-tasks were defined and the frequency 6f per-

- formance- assessed, the related programs used were noted, and those
"~ used the most were {dentifidd for eventual conversion to the low-cost

- terminal, The programs which were referenced the most were monitored . .\
to- datermine usage of the specfal meaning keys, The resultant keypress
data were then used in the.selection of a. terminal and in the ) ter

Phase 11 and Phase 111 development of software modifications,

~ Programs used the most inclided: .

1, FORMS - Stmylatfon of \form{:altima.tivnlyirg;d~~ Tnfwmanhgs b

. management terminal,

*

2, RESAV - Information on resources available in learning centers,

3. SOP - Student data profile information,

* N
B . »
. . oy
\ 9 \ T \ ’ ) R
N DN [N N e
)

. e *
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4. PSCRS - Bisplajs of a student's prf‘eass'essméntfstzuf‘és_.
U 5. CHGED - Used to display proposed. changes and their status,

6. CAI - The student's computer-atded instruction pr‘esentaﬁon .

¢ It was found that all of these pregrams could make use of a -
~ standard typewriter-like keyboard with the addition of seyeral special
.=+ function keys, similar to those used on the AIS terminals. Keys to be
. "considered .-for addition included -iext-, -Back-; -Term-, as well as . \
~  other function keys. For displdy purposes, it was found that lines RS
- would be useful, and.that for some programs an "all-dots-on" character
could be used for 1imited graphics. None of the programs referenced
. used any detatled graphics or required a vector or dot line.generating .
mode, \ o ot S

o N e N hd BN N » \ . o
B 3 . . 3 B N v ose e *

. - As a result of this survey, programs used frequently were noted" o
* for possible mogdification., A second result of this survey was establish-
ment of  a'need for function keys. ‘A third result was determination that

. many of the programs noted used the same set of subroutf nes; in many .

v _ cases, only a change of the common subroutine library and individual °~ - G
~ . editor pages from'a 32-tine format to a 24-1ine format would be required.

- 3.2 COMMUNICATION TRADE STUDY R

- Ay

« The goal of the Communication Trade Study was to (a) identify the
.. common communication characteristics used throughout industry which

. "should be’ used in the low-cost terminal, .(b) identify a_front end pro-

- i cessor which could be connected to-the AIS Cyber computer for operatipn
o of the four-terminals, and (c) {dentify hardware such as modems and o
-+ multiplexers which-would be necessary to Interface the terminals in the "~

-+ classrooms with- the computer.. . | -
o Thgfcurré\nt AIS communicatish System was reviewed and asetof . .
target. Characteristics defined so as to allow the use of standard equlh- =
.. ment yhtle maintaining a degree of compatibility with the AIS operatipg = . -
" system software. The ;ar‘fg\eted characteristi¢s included: . .7~

U 1. Provisions for K\\fuhl] duplex :twu-wé,y comun‘lc&tidnﬁusing_twb \

e X < pairs of telephone wires for each termimal. = -

| 2. Character-at-a-time transmissfon such that every keypress sent
- from the” terminal can be sent to the.central computer, .

N | optionally timed and/or converted to another character under S
.o -+ program control, and then returned to the terminal fu{ display. | .
r + S N ‘o \
‘ S (R L
. ‘ [ \,




. after receipt of an order,

- Hist. -

¢

.
-

3. A standard ASCII set of 96 characters,’ and the c}p\bﬂity of .
"~ .sending Up to efght data bi ts on each transmission.

4. 4A data rate which permits transferrip
_per second from the central compy

N

: ﬂfst'li:s.,it was. ﬁeceSsary‘that '
ndle at least four terminals,
be easily expandable, be relatively inexpeive, and be available soon

3.2.1 Communications Front -Ends. After rewlewing'th[e various
available communicatfons processors which could be interfaced with ~

. Control Data Corppratfon (CDC) machines and which were fn the correct -

price range, three units smerged as acceptable, “The CDC 2557 Network
Processing Unit (NPU) was selected as the best approach, primarily

because a-leasing arrangement was available, apd 1t has been. operating

since March .)979, )

. ,3.2.2 Modems and Multiplexers. To support transmissiqn of data
.. On telephone T¥nes betveen tge communications processor "and {the '

terminals, two systems of trunk line modems and multiplexers were %
studied for use with the orfginal folr terminals. Studies of the first
system considered the attributes of trunk -1ine modems from five df fferent.

manufacturers, 'These modéms are for yse 'at eath end of a voice grade

-telephone ‘1ine between buildings. Of the five considered, the Timeplex
202 was selected as the best for this appifcation. , A second system,

congisting .of a patr of statistical multiplexers{and short-haul, higher-
speed modems, was also evaluated., As a result of this evaluation, it

was determined that this multiplexer system was best 1f eight terminals,
or more, were to bgtuse;i. . Next, a cost comparison of the two systems was
made, and it was determined that the most cost-effective system for lass
than eight terminals was the modem pairs. Since the subject contrac?
stipulated installatfon of ‘only ¥8ur terminals, the Timeplex 202 system
was procured and 1;ﬁs;at;]edf using the 2551 NPU and the selacted terminalss

3.3 TERMINAL TRADE STUDY . | ’
. . ,'\‘ oo . : \ f o : \

One of the primary. goals for this project was identification of
one or, moph terminals which could be used by learning center. managers

- ‘and students to satisfy non-graphics requirements, such as selected
~identified by first considering the current AIS terminal attributes..

A subset of these charactertistics which was tonsidered necessary to

effective performance of the current.mission was also used as a factor

~in developing a' 1ist of candidate terminals. . The final terminal_for

haming‘\cgnte\mmam@r “and \s‘tydgnt use was -then Sg\lected from this

< \ o

" The most pertinent AIS terminal’ characteristics include:
Rt B
_t':\ h o ‘ , ) -90. : i t
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<
——

AW




. . N
N ~
v N . - R N
N " N NS |

. - 1. A display capable of prasgpring 32 Vines of G4 charactarg per -
L - Hne with up to. 126 built-in characters plus 126 user- _ \
+ designed characters, and a yraphics capability of 512 by.512
dots. - R ‘ - T |
i . . e - . o
2, Terninal slectronics capable of erasing the.screen and U e
. ‘ positioning the cursor or next writing position to anv.location @ « 0
o < on the screen, Ny y \ . “ \

N ’ N
.. - . . -

+ 3. A keyboard that uses the standard *tybewriter WERTY layout
\ with a numeric pad, spacial function keys, and thrge shift . » ;
keys, D . « ¥ : .
SR L terminal that requires a non-standard vrotoepl which oresents
oo 19 data bits to the tarminalxvver\lﬁ.S milliseconds and sands
o back 10 data btts to the hest computer, Specia) format elac- .
~ tronics are required-which ‘cannot be used with standard RS232, - R
. equioment, - o \ T -

| After reviewing the AIS \tem*inai\char\acpév'-ﬁics, a study was made
- that included anproximately 30T commercially available termimals. Using °  °

- the results of this study and the current AIS program ceﬁgjq’hents. the = ‘e .

- following thrget attributes were identified: - S e o
B o . 1 . . \ < . N . : . * ‘ .
. 1. The disp?a}ushoq]d present 24 or 25'1inés of up to U9 chara-

ctars per Tine. The character set should contain at least the j* .
‘ \ . - 96 standard _uppercase .and lowercase alphabetic characters,, - &

o, . numbars, and punctuation and should have -lowercase descenders

for easy readability. The ability to erase the screen and. to

- Preset the cursdr to any character pbsitioh 1s 3lso desired. - * o
E . . i ” > \ N

,¢*1’

2. The keyboard should have a standard typewriter keyboard in the . ¢
. QWERTY, sequence, should have a 1imited nunber of function keys - . I
or a way of simulating a non-displavable sequence, and should

Y ‘not require a numeric pad. , . S

‘O

st
(82

‘\\3$ The. terminal ‘should supﬁﬁrt fuil duplex»cﬁarattef=at-a-time F
. transmission, while onerating at lzolﬁparacters par“second or
- faster, - - S ’.

A . B . [
: XQ\ . . Ad 8

\?i4;\\Thg terginal price should not exceed $1,500, . o

“‘?”Aftéi.identifyinﬂ the'required attributas, the number of candidate ° -
\ terminals was reduced from about 300 to 5 terminals.; These five terminals o
o were evaluated individhally through demonstration by manufacturing rep- .
o resentatives, and one was deleted from the list of candidates because of
: - “poor picture quality. ‘The Phase 1 trade study, concluded with a .
- yecommendation for a side-by-side comparison. of the rematning four oo
terminals: for a final evaluation. This was accompl{ished as part of

i
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3.4 .somARE aNALvsIs SN e
.A.sgftwar ana]ysis wars” made 1é$;arailel with the other thﬂde
ktudies to .det@linine the Impact of effanging terminal format and of |
comunica‘ting via a new netvork proce‘ssing system‘ The ana‘lysis~in—
- dicated the fbllowing N\ | e
-", ’ N

. '"1,- Screens' displaying data for programs to be changed wuuld have
L to conform to the format of the new terminal. This would ’
n convertiog the 32 line by 64 characters per line display -
~» . of AIS terminal .programs_to 24 Tines with, most pnobably, &4¢
characters per line. - \ BN \ )
2.°A c::mputer Assisted/Managed Instructional Language (CAMIL)
S ~ "“direct drive" primittve would have to be prepared which would
- - permit sending seven- or 2ight-bit data direct to the termina!»
- *for control and screen positioning. ‘ ‘\ \ LR

3. QThe editor executiva rautines ‘and aceept pnpcedhres would hava
~ to be modified and the editor pages which eXcgedad 24 Tines
—  would have to: be restructured, 31#’ .

© 4, The CAMIL santenge faci]itwaould require code changes for o
I applications prﬁgrams. A S

5, ASC!i lookup tables would have to be provided id the drivew :
part of the oparating system to convert tha‘tAMIL fbrmat .
e ;\characters to standard tenmtpal va1ues, \ \

The analys‘ls also 1nd1cated that the' aperating 'swn might hava
to provide new input and output peripheral processor programs—to drive
the CDC 2551 NPU. A package leased from CDC would-operate the firmware

lused in the CDC 2551 hardware, S0 no modification or design of - firmware

would be required for the NPU 1tse1f e
3.5 CONCLUSION T,

: At the end\of Phase I 1t had been datermlned that a lew-cos \
terminal system, operating in parallel with the current terminal system,

. was fhasible. ‘More specifically, it was decided that a parillel system

for standard terminals was more cost effective and expandable than inter-
facing the low-cost terminal with the current communication system. AISo.
software studies predicted success for use of the chosen NPU and \
communication modems. Procurement of the modems and the NPU began
during this phase, and ‘the candidata terminals were . reiuced to fbur. N

-
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| | 4,q§; PHASE 11 - DESIGN AND DEVELOPMENT - .

%o M. Phase II began with the selection of the Applied Digital Data
e System (ADDS) Regent 100 terminal as the low-cost terminal for the
' system. This was a “%Of the ‘side-by-side demonstration and eval-
., uation recommended at the onclusion of Phase I, ﬁ T S

The main efforts during Phase 11 were a study of the hardware and
- .. - software details and design into the current system of the changes -
S necessary to implement the new system, ) \

CT 40 HARDWARE I
% o .Pertinent hardware ch‘uncter“lfst'lcsxof th:e"N‘PU. the 202C modems,

* and the ADDS Regent-100 terminals were examined to determine the ;
- hecessary interfaces and software requirements. . -

.-

A4 ] - > B -

r ¢ \ 4.1.1 Network Processing Unit. ‘The hardware m’odu’le configuration
of the CDC network processing system was evaluated during Phase II. °
The hardware consists of a network processor with 32,768 16-bit words
of: memory, a channel coupler to the CDC Cyber 7316 computer, two

. communication Tine adapters (CLAs) --each of which handle two terminals
using RS-232-C electranic interfaces - and a: console terminal for con-

-~ . Tiguring the system and for providing d{agnostic information. The

£ Systenq as leased will handle up to 16 terminals with the a ditfon of - .
-+ communication,line adapters, and up to 32 terminals by addfing extra

[

memory and a;mg; \CLAs.\

DA - 4.1.2 Timeplex 202C Modems. Optional electrical connections .of =
e -+ the modems. between the terminals.and the central site were considered,
- © Since the terminals could be placed some distance from sach other,
. ‘separately packaged modems were specified for operation at the terminal
- - locations. Each separate package has 1ts own power supply. For the .
. central site, one package with one power supply and four modem .cards

: was specified. The central site is expandable to handle up to 14
modem cards. LN - -, : :

o 'Var*lausm_ihdds of J\o\opin\g back 'data to be used for diagnostic
- checkout of the modems were also considered, Both analog_and digital
- .. loopback methods are available on the Timeplex modems, - T

o 4.1.3 ADDS Regent 100 Terminals.” Operational details of the -
oo~ terminal were evatuated Tro :
~~ were the switch settings, display characteristics, control and
-attribute tables, and the keyboard. .- v e

.. 1+ Included {n the switch settings for terminal control were (a) '

\ - full duplex, even parity modes, (b) lzoo,bits-per-sncg\nd, {c)
Sl 2 CR(15;) 1ine terminator with automatic 1ine feed, and \
7 {d) autd scroll off, o S s
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| additions to

2 " The disp]ay consists of 24 lines of 80 ¢haracters, witha .

. 25th line of status information. The terminal provides the
: 1 standard 96 ASCII characters of uppercase and lowercase alpha-
. betic characters, numbers, and-pimctuation. Also ¥ncluded ‘

‘are .11 box drawing symbels along with an: additiona1 32 symbols \

ccrresponding to control codes?

© 3, Thbles were designed which - explained\how to manage the ADDS ‘
) terminal under control of the host computer. Tables include

(a)~visual attribute control, such as normal white on black, '

reverse video, half intensity, and underline, (b) 1ine drawing

" symbol generation codes for boxes, {c) ASCII input and output, ‘if

" and (d) control codes for clearing the screen, 1¥ne spacing,
and other standard cantrol procedures such as setting the

;\cursor.\

D N
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4.2 SOFTHARE IR L T

e

\ During Phase Il the AIS softuare to be mimifiel or added. in
suppart of the low-cost terminal was designed on the basis of the
expected operation of the new equipment. Software was planned in_the
areas of expected keyboard mapping from the current AIS terminal to the

features, and applications programs earmarked for modffication.

'ADDS Regent 100 keyboard, expected parameters. required for the communi-
- cations software, CAMIL language changes needed to support the new

Soft~

ware cnnsidarations are briefly reviened in the, following paragraphs.‘ -

s, 2 1k board Ma 1h\. Since the ADDS termdnal standard kgyboard
has fewer kgys than the AIS terminal keyboard and has only 16 availablh\

symbol and special meaniag keys were also considered

‘numbered function keys versus the AIS terminal's 24; a praJinﬂnary
mapping was lafid out for correlation between the two termind\s. Specia]

4,2,2 Communicatiou System cOnsiderations. Changes and p@ssible

e 0 river were considered in terms of
functions needed, such a erasing a screen or moving the cursor to %he .
. 'next 1ine. Varfous alternate routines were éxamined for the best

" Tocation to place the 12-bit CAMIL -code to 7-bi¥t ASCII code convapsion

tables and related Togic. During Phase II, the three best areas for .

, providing the conversion appeared to be the TDC 2551 comhunications
. processor, the DRIVER peripheral processor program, and the Cyber central
_ processor. Also, modifications that might be necessary for othr ASCII
\ ;erminals were considéred.

4,2, 3 CAMIL.,,It was decided that the CAMIL language would need

\éeveral new Teatures to support the ADDS terminals., After
modification, CAMIL would {a)- tgnore ADDS terminal fnputs/when no

mapping was provided for a key which had no meaning in the current
system, (b) make available to, the application program {nformation about,

L
. v
NS R :
T =13e
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‘the type of termdnal ccnnettad. (c) provide a transparent mode~set§ing



-

~

procedure so that the terminal could be operated 1ﬁ\th§ ﬁnderliﬁé?org
other modes,,and (d) provide a direct binary output procedure to send

- octal cormands to ADDS,or other ASCII terpinals to handle non-supported

functions. : . . o
M NN . » o . N -~
4.2.4 Application Programs. A mumber of programs were selected
‘for possible convers¥on and operation on the new terminals, with most
of the programs being -data base editors. The editor executor subroutine
~ should be modified to handle the new attributes, to accept lines changed
from 1ines 28 through 32 to lines 20 through 24, and to provide double
- spacing at a different number of 1ines than s used on the AIS terminals,
 It.was determined that editor pages would be g dified, when' necessary,
to handle the lower number of Jines on the new terminals, and array
pages would be changed so that only data fields would be rewritten ‘
when a field was changed. Also considered was the fact that CAl formats
would be chapged, when necessary, so that data taking more than 24

~lines would be efficiently displayed. To make the programs mbre read- *
+able, increased use of the CAMIL sentence facility would be considered

during all program modf fications.

4.3 CONCLUSIONS O “

-

~~ .. System design u8§\cumﬁleted during Phase II. The feasihilit’hbf‘a .

the\}awacost\terminatjsystemfwas established and the equipment chosen \
and procured. Base communicatfons circuits necessary.for connecting

the terminals were alsp Wmpleamented during Phase II. Finally, the
application programs requiring change were identified and several of !
the modifications accomplished. ‘ f o

# -

-
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* 5.0 - PHASE IT1 - INSTACLATION AND VALIDATION .

~ During Phaspiilli‘thg\apé%dtiﬁg system was modified to handle the
new CDC< 2551 hardware, the CAMIL primitives-and terminal comtrol and
identification conmands were completed, and selected application pro-

grams were modified for.the new ADDS terminals. Refinement and final

- testing of the various system, 1anguagj. and application programs for
. jncnrporation into the AIS were also a complished during this phase,.

Additieﬁally,;;he\netﬁork‘pﬁateisqr;‘aloﬁg with the términa1s~andr
the modems, were received during this period. _This hardware was sub- -
Jected to indiyidual and system tests prior to final installation.

~ Although the original specifications called for installation,of the

terminal hardware in the Weapons Mechanic (WM) COUPSEé‘i daéision’was
made during this phase to utilize the Precisfon Measuring Equipment (PME)
Course for the test installation. | o Lo A

. « - ‘& \
5.1 HARDNARE . c
 The sequence 0f‘gvénts~for the hardware portion of Phase III was
(a) delivery and installation of the NPU, (b) delivery of modems and

" terminals, {c) system testing of all the hardware with the newly -

developed software,-(d) final installatfon of terminals in the class- °
rooms, and (e) evaluation of the entire system, = .. SRR

S.i.l\ NaEhorkaruE€551ﬁg,Un1t S

o < - Cost considerations associated with buying or leasing soft-
ware for the CDC 255) Communication Processor led to the purchase of
the 2550-101 6671 emulator as' the most efficient way to drive a small
number of standard terminals. Because:this emulator package will drive
up to 16 terminals #n_a fyll duplex mode, it was consfdered more than
adequate for driving the four low-cost-terminals.  If, however, a
future deciSion is made to expand to'a large number of standard terminals

.. or to totally conyert to a standard communication system, a different
_ approach sHould Be considered. For example, the current character rate. .

. {s approximately 10,000 characters/second, and given the standard AIS.

character rate of 120 characters/second, a limitation of\JZG terminals
would result. S S e N

\ :

5.1.2 MNetwork . . L
’ iTﬁe\natnork used with tﬁe low-cnst\termiqi1 systamxis .

characterized by inherent standardization. The system operates §¢ o
1200 bits per second using an ASEII .character structure (bit sequence)
" in a full-duplex, asynchronous mode. The jnterface of the digital - *

port of the modem conforms to Electronic Industries Assocfation Standard
RS-232-C, Interface Between Data Terminal Equipment and Data Communication
Equipment Employing Serial Binary Data Interchange, August 1969.

)
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_ ° The data circuits‘to support the Tow-qost terminals for the PME “ s

» Course consist of dedicatdd voice grade limes between the AFHRL and the

PME Cpurse building at Lowry AFB, The dath communication fok each
terminal fncludes a rack mounted Timeplex 202 modem card at the central s
site, the dedicated telephone wire data circuft, and a desktop Timeplex . ..
202 modem at the termipal. - S S

During the\interim\period between equipmént te§tiﬁg\and final
installation, one of the low-cost terminals was located in the Lowry

- AFB Headquarters buflding with a data circuit ‘established between it

and the AFHRL%building, a line length of over 4000 feet/ Experiments

were conducted to transfer data between the termtnal and the network
processing unit without modems which required some configuration

modi fications, e.g., special cable strapping. ,In this configuration,

the terminals operated at 1200 bits per second (bps). with no reported

errors in transmissfon. When the operating speed was increased to 2400 . °
bps, however, occasfonal parity-errors occurred. Above 2400 bps, \
communication over long distances was not possible without modems.

- Within 50 feet.of the NPU, howaver, terminals were operated at 9600 bps
" with no noticeable errors. It was, therefore, concluded that because of -

required classroom reliatility, the PME terminals should not be-operated
without modems at.speeds aBove 1200 bps. A further result of the test ’ ~
was the decision that because of the short distances involved, data y W
circuit requiremehts within the AFHRL butlding could consist of four- .

wire dedicated.lines for each terminal with no modems required.

" 5.1.3 Terminal Evaluatiég 1 -

\ _ The low-cost terminals were installed in the PME Course.
building for daity operational use by instructors and learning center
managers who ‘werd asked to evaluate the utility of the terminals in a
training environment. Features of the terminals most admired were
appearance, operatfon, size, and keyboard layout., The. only regative
feature was the somewhat distracting characteristic of the terminal's
flashing cursor. Other details of the evaluation are given below. .

5.1.3.1 ﬁroblems. When the terminals were first installed

in the learning centers, some problems were noticed when logging on the °

i

" system, The problem was assocfated with attempting to change from upper-

case to lowercase while the log-on program was operating and a user
was typing in his/her identification and password. The problem has

since been resolved.

An on-going dperational problem is related to attempts by users to
access unmodified plasma terminal programs.- Zhese programs, such as the’
hierarchy editor, have not been modified for the format of 24 lines and
the “text only" availability of the new terminals. These programs, and
others yet to be {dentified, may need to be modified 1f user require-

¥

+

«16- ‘ 19



. . . B \ N
. . ~ . . ot .
. A ! DN
. . .
_ | R
) / . Y S | N
. . ST

. -~ The on‘lfy terminal hardware malfunctions that occurred d 1 ng the
, entire contract period were, two terminal power-supply failures. This
- could be a pattern failure and will be carefully monitored. | '

. : 5.1.3.2 Conclusion. The Zresults of Phase 1II validated ~
~the terminal display format, keyboard layout, and commumnicatfons chara\-\\j\

A - cter{stics requirements established during Phase I. Additionally, e
;\ user acceptance of the ADDS Regent 100 terminals with the related soft-
ware and hardware system was very favon{sbla. o
\ Y .

. The project goals of identifying required characteristics of R
‘terminals and of demonstrating their valfdity were achieved. An added
. ~benafit was the high degree of preference and acceptance of the. system
by the classroom users as exemplified by a request for more of the
terminals. The purchase of eqSlpment meeting the required character-
istics at the same or expected lower prices would provide a cost-
effective approach to AIS expansion for nongraphic application. New
- terminals with modems and related communications hardware can be added
- to the AIS for approximately one-fourth the cost of the similar number

-, of AIS plasma \ditsplay graphics terminals., ,

. 5.2 SOFTWARE S N | ¥
- Software was developed and tested during Phase 111 using the
" design_guides prepared during Phase II. In addition, operating system
changes were made to support the new communication system - to handle a
.- revised log-on program - and to the interpreter. " The CAMIL. language was
also modified to recognize new commands and keypresses and to {dentify
. the type of terminal connected to the application program. And, - .
applitations software editors and data base programs were changed to-
operate with the format and function key inputs of the new terminals.
5.2.1 System Software Modi fications

.

N

: - As ﬁ,ascri‘bedbelow. the AIS time-shared operating system -
‘was modified in the following three areas: L

1. A new ‘pet\"‘lphéra'l processing unit® (PPU) program y;a\s\w'ritten ito
" handle the COC 2551-1 network processing system for B
communications. ,\ .o

2. Thc\]og-ongprogramuwas modified to o;ride for'the revised - .
- terminal format. '

- T

3. The interpreter was changed to pr:ovide for tﬁe‘nei; terminal

. Cbnmn‘lcat!ons. A new PPU program, ATD, was \yriﬁ to support
~ the channel Tevel Input/output ‘Yequirements of the CDC 49511 NPU, The
. new program receives and transmits all data between the AIS system and
. o . N \ ;) ) o
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~ an excessive amount of overhead because they were generalized

N P - N - ‘ .

the new terminals, This program also provides the CAMIL and ASCII code
conversions. ATD can handle data transmission at rates pf up to 9600 bps
to each terminal,

-7 “This periohera! processor program evolved through several exten- %

stvely changed versions during cho\development -and checkdut phase, It -
. was obvious from the outset that al

1 communications between the CAMIL
system and the 2551 HPU would have to be handled on the PPU level since
this is the only way to achieve the channel level input/output! required
by the NPU; The GDC furnished ASCII terminal drivers were fo d to have
communication with a large variety of terminals utilizing different
protocols. Relotively early, it also became obvious that all - N
communications, both .input as well as output, would best be handled from

a single PPU program since the status of Wreceding output attempts is
received with the input frames. In order to minimize the added GPU over- -
‘head associated with the new terminals, the decision was made to moye as .
much of the CPU overhead as possible--such as CAMIL to ASCII code con=
versions--into the new PPU program. This program easily handles the four

~ terminals currently operating, and 1t 1s expected that up to 64 termina]s \
can be managed with ATD.\ \ o ’

~_Log-on Prpcessor. The log-on processor was: modi fied to utilize
the primitive graphics capabilities of the ADDS terminals to provide
an AIS logo on the first page. The log-on processor was further

modified to operate with only a 24-1ine display. .

. ib Intery retor. Qther operating system changes involved sore minor
modifications to the interpreter to allow the passing of certafn O

functions to terminals not {dentified as being either AIS interactive/

\ monagement or ADDS terminals, Also added was a "binary output" primi-
tive. This “binary output" feature was developed to enable the

passing of octal data from CAMIL programs to ASCII terminals for the
purpose of experimenting with new functions and for features not common
to ADDS terminals. This was necassary, since the communications system

. was written to assume that all normal output befng sent to the ASCII

terminals was CAMIL text and had to ‘be translated to the ASGII codes.
S 2, 2 CAMIL Long;;gp'Mbdifications

'The CAMIL features desigﬂed during Phase II were coded and ‘%}\

_tested during Phase 111, CAMIL was modified to provide for the
~ followtng: -

1, Ignoring terminal input when no mapping 1s provided for a
key which has no maaning.

«

2. Including the type of station ‘connected to the program. _ | Yy

. -
Y .
. : -
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C 3. 'dénluding extra cammands to the ADDG terminals so that uner- .

o 1Mes, inverse video, and other screen attributeé can be pro- T
vided.’ AN " - |
» \ \
*a) Providing an' interpretér primitive which permits a program to :
) send direct octa1 ccmmands tomn ASCII terminal for direct
\ control, ‘ \ : \ |
\ The new CAMIL commands were successful]y used 14/ the modified>
applications programs which first identify the type of terminals being
used and then format the data for either the 32-1ine AIS plasma panel

‘\\ ] ¢ or the 24-11ne ADDS Regent 100 terminal. Lines ang underlines are also
managed differently between the two terminals, with a special under-
Tine mode beinq available on the ADDS. - /

T 5.2, 3 Apbli jon Program Hndifications

: Apolications software changes included the modification of
selected existing programs and subroutines so that the low=gcost -
terminals could be used with existing software deve1oped for the p1asna
~terminals. Library routines refarenced by the programs were modified

~ and new ones added to accommodate the attributes for each type of
terminal. Individual program segments were changed when reformatting

. was required for thie smaller screens. Lfbrary subroutine$ and existing
programs were also ‘revised, whenever possible, to provide more efficient
operation. The paragraphs below explain the modified subroutine library

~ and provide details regarding nodifications of the editors and other

\ applications programs utilized by instructors and Tearning center managers.\f

o - . Library of Standard Ruutines. Various modules of the Library of
\ Standard*Routines were mpdified to define new control variables and -
~ implement scraen positioning control options which are applied acccrding
to .the type of terminal in use. Dictionary and global modyles were
- changed to declare new integer, logical, and array vatiables and to
define mew procedures in support of the procedure modules {coded
routines) of the library, Procedures were changed to accommodate screen-
specific attributes with regard to column and 1ine screen positioning,
¢learing of accept and prompt 1ine areas, setting bounds .for writing, of
the next:line, inittalizing program segment control variables, and :
handling the logic which controls the general data pages of the editors,
New procedures were also added to the library which provide inftial
© values for screen display variables, write headings, control formatting
- of screen displays, and increase the speed with. which data f191d va1ues-
are changed in the editors, ; \

. Individual Editor Prqgrams. Changes to 1ndiv1dua1 editar programs ,
ranged Trom minor adjustments {anplicable to positioning the accept and
prompt lines on. the two different screen sizes) to extensive changes in
coding which affected the position!ng and methods of displaying data
fie}ds~ Many of the coding changss resulted in streamlined program

i
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statements and structures which are mord sasily reviewed whin trouble-
‘shooting or making other modifications. The two <ategories of changes
to particular editor programs are the updating of basic.display logic
and the restructuring of specific data pages, 11sts, and arrays,

', In general, the segments of an sditor program are designed to
display efther 1ists of data (vertically displayed) or data in array
. formats (tables). These segments were modified, where applicable, to A
provide a more efficient screen display of changed data fields. Only . o
changed data fields are now modified on the screen, whereas previously,
other portions of the screen and field description were rewritten.
The task of restructuring and reformatting .data field displays )
was applied to two types of pages: Data Lists and Data Arrays. Both
types are controlled by segment modules in the “{ndividua) editor programs,

The coding to establish appropriate line spacing in the segments
which display normal 1ists of information was changed to accommodate
either the plasma panel or ADDS type terminals and their respective
- vertical screen dimensions. S ‘ ~ o

Several segment cont:ﬁljprompting messages were also modified to
‘remove the underscoring f separate characters used for highlighting.
Parentheses were substituted for the underscore because the low=cost
terminal keyboard {s without the special character which allows easy
and brief coding of the letter-specific underscore.

) £ . -

- Data Array Segment-Modifications.” Changes to the coding 1n data
~array segments incorporated several new iaternal variables to provide
. consistent formatting of array displays in'all editor programs and to
* afford easy access to the\ébding should thanges occur to the array .
dimensions or terminal screen.sizes. i ‘ \ ‘

5.3 CONCLUSIONS

&he faasibili}y of using low-cest“terminals in the AIS was well
established. The goals of identifying required characteristics of -
terminals and demonstrating their validity were alsbo achfieved. . Users
© reparted high acceptance of the ADDS Regent 100 terminals and the related

software and hardware system, Additionally, the results of this . =
experiment definitely reflect the feasibility and desirability of a
"mix" of terminal types in an instructional system of this type. A
mixed cenfiguration allows matching terminal types to.specific require- -+

'\\. ments: in a more cost-effective manner. In the event the system is to . \ o

_be expanded, terminals of this type could be added for approximately
Jone-fourth the cost of the existing plasma terminals..
NENEIN : -
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¢ i Reliability of operation can op]y be proven after several thousand
hours of oparation. However, operation of the hardware to date in-: :
' dicates gaod stability, Only two fatlures occurred with the new terminals
and no faflures weresexperienced the network proces§or or the modems.
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